Abstract. In this study, the influence of lead sulfate on the transport of chloride in mortar was investigated by chloride ion permeation test. The changes of cement hydration products in cement-based materials containing lead sulfate were observed by scanning electron microscopy (SEM).The results show that the free chloride ions in the concrete decrease when the lead sulfate is added. Lead sulfate can also lead the formation of the ettringite,which can acclerate chloride transport.
Introduction
The corrosion degeneration of reinforcing steel bars in concrete structures has become a world-wide problem to many civil infrastructures. It has been proved that chloride is the main cause of steel bars corrosion [1] .In order to reduce this phenomenon caused by chloride intrusion, the traditional methods are to use low permeability concrete and add corrosion inhibitors [2, 3] . However, these two methods have many disadvantages in practical applications. Recent years, the microcapsule self-healing concrete based on the principle of bionics has occupied a place in the field of functional materials with its intelligent perception and immediate healing [4] [5] [6] . Xiong et al. [7] proposed the microcapsule self-healing system based on the chloride ion-triggered response mechanism. This system can effectively prevent the intrusion of chloride ions.
Sulfate damage has always been one of the focuses of concrete durability researches. They are invaded into concrete by a great deal of methods and can react with hydrated products of cement, which causes the concrete expanding, cracking, peeling, and eventually losing strength and integrity [8] . On the one hand, the sulfate has a negative impact on the concrete structure; on the other hand, some sulfates, such as lead sulfate, can react with chloride ions. Using this feature, lead sulfate can be embedded in organics such as hexadecane/poly-methyl methacrylate (PMMA), which can be prepared into the microcapsule wall [9] . At this point, the role of sulfate is beneficial.
In this study, the effect of lead sulfate on the macroscopic permeability of chloride ions is investigated referenced to the Nordic standard NTBUILD443 [10] . The effect of lead sulfate on micro-pore structure of mortar is studied by the analysis techniques of SEM.
Materials and preparation of mortar specimens
To build the cementitious composites mixed with lead sulfate, the following materials were used: ① China Portland Cement GB-175-2007 PⅡ42.5R type from Guangzhou Zhujiang Cement L .td Company (Guangzhou , China); ② drinkable tap water; ③ GB/T17671-1999 ISO standard sand from Xiamen Isiou L .td Company. Company (Xiamen , China); ④ plumbous sulphate from Shanghai Zhanyun Chemical L .td Company (Shanghai, China).
The ratios of water to cement and cement to sand of the specimens were 0.5 and 1: 3, respectively. The mortar dimension is Φ100mm × 50mm. The penetration time, grinding depth is shown in Table 1 . 
Bulk Diffusion Test
The prepared specimens are placed in a thermostatic chamber for the bulk diffusion test referred to the Nord-test NTBUILD443 [10] . All surfaces of the test specimen except the one to be exposed are then dried at room temperature to a stable white-dry condition and given an approx.1 mm thick epoxy coating. The percentage of chloride ions at different grinding depths were measured and drawn in 
SEM analysis
The SEM analysis is conducted by using Quanta TM 250FEG environmental scanning electron microscopy (SEM). The surface area of cement-based materials is observed with 1K-20K magnification. The images observed are shown in Fig. 2 .
As can be seen from Fig. 2 , the hexagonal material is present in all test blocks. Mehta mentioned [12] that sulfate reacts with cement hydration products to produce ettringite and gypsum, and ettringite microstructure is hexagonal, thus we infer that the hexahedron is ettringite. And its quantity increases with the increase of the amount of lead sulphate and the ponding days. 
Effect of lead sulfate on chloride transport characteristic
When lead sulfate is added into the mortar specimens, chloride in the pore solution can react with lead sulfate, whose reaction equation is shown as Eq. 1. The occurrence of chemical reactions reduces the free chloride ion content. We define this action as a positive effect. However, at the same time, sulfate was introduced. Which can interact with cement hydration products to produce ettringite and gypsum. Their volume is greater than the reactants. This increase clogs the pores in the test blocks, seriously, it will causes a slight expansion of mortar specimens. This accelerates the diffusion of chloride ions. We define this effect as a negative effect. When the penetration time is 70days and 90days, positive effect is greater than negative one. The intensity of the negative effect enhances with the increase of the content of lead sulfate and infiltration time. The result of the negative effect is that, when the penetration time is 90days, the free chloride ion percentage of the mortar specimens with Lead sulfate content of 6% is greater than that of 4%. When the permeation time is 140days, the free chloride ion percentage of mortar specimens with lead sulfate content of 6% is larger than that of 0%. 
Conclusions
From the present study the following conclusions can be drawn: l The addition of lead sulphate can lead the formation of the ettringite. Its quantity increases with the increase of the amount of lead sulphate and the increased time; l Lead sulphate can react with chloride ions when added to the cement concrete material. This reduces the amount of free chloride ions in the concrete, which has a positive effect in the protection of reinforcing steel from corrosion in concrete structures. l It will produces sulphate damage when lead sulphate is added to the cement concrete material, which have a negative effect on the transport of chloride ions in cementitious materials. The vary negative effect increases with the increase of lead sulfate content and natural infiltration time. Before a 90 days natural infiltration, the negative effect is less than the positive effect. The protection of steel is useful from the transport point of view. When the lead sulfate content is 6% and the permeation time is 140 days, the negative effect becomes dominant.
